A species-specific plasmid (pZP1) has been isolated from the fish-pathogenic bacterium Pasteurella piscicida.
Control of bacterial infection in the intensive fishculture industry requires a rapid, sensitive and specific method for identifying and detecting fish-pathogenic bacteria.
Standard culture techniques are time consuming, and immunological methods are not sufficiently sensitive and specific for detecting fish pathogens.
In addition, these methods cannot easily detect fish-pathogenic bacteria from the early stage of infection.
The polymerase chain reaction (PCR) (Saiki et al., 1985; Mullis and Faloona, 1987) is an in vitro method of nucleic acid synthesis by which a particular segment of DNA can be specifically replicated.
Species-specific primer sets for the identification and detection of fish pathogenic bacteria by PCR have been developed for many pathogens, including Aeromonas salmonicida (Miyata et al., 1995) , Edwardsiella tarda , Cytophaga psychrophila (Toyama et al., 1994) , Renibacterium salmoninarum (Brown et al., 1994) , Vibrio anguillarum (Hirono et al., 1996) , and Vibrio trachuri (Iwamoto et al., 1995) .
Pasteurella piscicida is the causative agent of pseudotuberculosis in yellowtail, Seriola quinqueradiata (Kimura and Kitao, 1971) . Pseudotuberculosis is one of the most important causes of mortality in yellowtail.
We developed a primer set for the amplification of a species-specific 629-bp DNA fragment (Pp1) from the chromosome of P. piscicida . However, the same size PCR product was detected in some species of the genus Vibrio by PCR using this primer set under low-stringent PCR conditions. Previously, we also found a species-specific plasmid, pZP1, of P. piscicida (Zhao and Aoki, 1992) . In the present study, two primers were selected from the region of the species-specific fragment of pZP1. We demonstrate their use for the rapid identification and detection of P. piscicida by PCR. according to the manufacturer's instructions.
Colony hybridization was carried out by a modification of the method described by Grunstein and Hogness (1975) . Bacterial colonies on BHI agar were picked up with a sterilized toothpick and fixed on a nylon membrane (Hybond N+, Amersham, UK). Duplex membranes were prepared and hybridized with the peroxidase-labeled DNA probe. Hybridization and washing conditions were as described in the ECL direct nucleic acid labelling and detection systems. Table 1 .
Bacterial strains used in thi study 
Results
A HincII-digested DNA fragment of pZP1 (designated PZP1-1) hybridized with tested 14 strains of P. piscicida (ATCC 17911, KP 9038, SP 91-142, 91-278, KP 9511, KP 9550, KP 9578, KP 9579, KP 9580, SP 95-096, SP 95-098, SP 95-102, SP 95-103 and SP 95-109) but did not hybridize with the single strain of B. proteolytica, 3 strains of Photobacterium or 15 strains of Vibrio spp.
A HincII-and EcoRI-digested DNA fragment (designated PZP1-4) hybridized with all of the tested strains of P. piscicida except ATCC 17911, but did not hybridize with the single strain of B. proteolytica, 3 strains of Photobacterium or 15 strains of Vibrio spp.
The nucleotide sequences of PZP1-1 (947 bp) and PZP1-4 (477 bp) are shown in Figs. 2 and 3 , respectively. The forward primer ( PZP 1-1 a) and the reverse primer (PZP 1-1 b) were the 20-mers 5'-GCCCCCATTCCAGT CACACA-3' and 5'-TCCCTAAGCACACCGACAGG -3', respectively, both constructed from the nucleotide sequences of PZP1-1 (Fig. 2) . The other primers were based on the nucleotide sequence of PZP1-4. The forward primer (PZP1-4a) and the reverse primer (PZP1 Fig. 2 .
The nucleotide sequence of PZP1-1 cloned from pZP1 of Pasteurella piscicida.
The nucleotide sequences of the forward and reverse primers are underlined. 4b) were the 20-mers 5'-CTACGTGCAAAAGGTG-TTCC-3' and 5'-AAGGAGAGAAAGACGGGTTG-3', respectively (Fig. 3) . A specific DNA fragment having a length of 484 bp was amplified by PCR with the PZPI-la/lb primer pair from 4 strains of P. piscicida, although the amplified DNA from ATCC 1791 1 was larger than that of the other strains of P. piscicida (Fig. 4) . A 484-bp PCR product was subsequently obtained from boiled-extracted DNA from 36 strains of P. piscicida using the PZPI-la/Ib primer pair (Table 2) . No fragment was amplified from the above-mentioned 15 strains of Vibrio spp., 3 strains of Photobacterium, 1 strain of B. proteolytica or 4 strains of fish-pathogenic bacteria (Fig. 4) .
On the other hand, a 321-bp PCR product with primers PZP 1-4a/4b was obtained from 3 strains of P. piscicida but not from strain ATCC17911 (Fig. 5) . The PZPI-4a/4b primer pair also amplified products from all other strains of P. piscicida (Table 2) . A similar sized DNA fragment was amplified from B. proteolytica, Ph. leiognathi, V. anguillarum, V. diazotrophicus, and V. hollisae (Fig. 5) P. piscicida (Fig. 5) .
A 629-bp PCR product was detected from 4 strains of P. piscicida and Ph. damsela when using the primer set Ppl (Fig. 6 ). In addition, when PCR was performed with an annealing temperature of 58°C, the PCR product was detected in 4 strains of P. piscicida, the single strain of B. proteolytica, 3 strains of Photobacterium spp., and 15 strains of Vibrio spp. (data not shown).
The minimum amount of DNA detectable in the first PCR using the PZP1-1a/lb and PZPI-4a/4b primer sets was 100 fg. However, using the secondary PCR method, the minimum amount of DNA was 10 fg (data not shown). The products obtained from the PZPI-1 a/ lb and PZPI-4a/46 primer pairs required a minimum of 10' bacterial cells/ml in the first PCR, but only 102 cells/ ml in the second PCR (data not shown).
Two DNA fragments having lengths of 484 and 530 bp were obtained from DNA extracted from kidney homogenates of all 5 yellowtail in which P. piscicida was detected by a standard culture method (Fig. 7, lanes   3 to 7) . On the other hand, these specific fragments were not detected in five apparently healthy yellowtail in which P. piscicida was not detected by a standard culture method (Fig. 7, lanes 8 to 12) . Gauthier et al. (1995) proposed reclassifying Pasteurella piscicida as a new species, Photobacterium damsela subspecies piscicida, based on its 16S rRNA sequences. Previously, we reported a primer set for the amplification of a 629-bp DNA fragment (Pp l) from the chromosome of P. piscicida . In the present study, however, this primer set amplified the same size PCR product from Ph. damsela even under the high-stringent PCR condition (Fig. 6 ). In addition, under the low-stringent PCR condition, the same size PCR product was amplified from several species of the genus Vibrio. In this study, we tried to amplify products by PCR using our PZP 1-1a/1b and PZP1-4a/4b primer sets and template DNAs from B. proteolytica, Photobacterium spp. and Vibrio spp. The primers PZP1-1a and lb amplified a 484-bp sequence from only P. piscicida and did not amplify a DNA fragment of any size from B. proteolytica, Photobacterium spp., or Vibrio spp. This sequence therefore appears to be specific for P. piscicida and the primers PZP1-1a and lb can be used for identification of P. piscicida.
Discussion
On the other hand, the primers PZP1-4a and 4b amplified a 321-bp DNA fragment from each of the tested strains of P. piscicida except ATCC17911, and also amplified a similar sized DNA fragment from B. proteolytica, Ph. leiognathi, V. anguillarum, V. diazotrophicus, and V. hollisae (Fig. 5 ).
This result suggests that B. proteolytica, Ph. leiognathi, V. anguillarum, V. diazotrophicus, and V. hollisae possess a sequence homologous to the primers PZP1-4a and 4b. Zhao and Aoki (1992) reported that all Japanese isolates of P. piscicida examined carried pZP1. We have found that strain ATCC17911 does not carry this plasmid (Zhao and Aoki, 1992) . When using the PZP1-1 a/1b primer set, the amplified DNA from ATCC17911 was larger in size than that from other strains of P. piscicida including 3 strains isolated in the USA (Fig. 4 , Table 2 ). We cloned the PCR products from ATCC17911 to the pMOSBIue T-vector kit (Amersham, USA) and determined its nucleotide sequence. The length of the larger sequence from ATCC17911 was 530 bp. Strain ATCC17911 was isolated from white perch in the 1963 in the U. S. A. (Snieszko et al., 1964) . It is thought that a partial region of pZP1 might have become integrated into the chromosomal DNA of P. piscicida ATCC17911.
In an experiment to see if P. piscicida could be detected in naturally infected yellowtail, we obtained two PCR products from P. piscicida-infected fish using the PZP1-1a/1b primer set. One was 484 bp and the other was 530 bp in length (Fig. 7) . The 484-bp sequence was recognized as part of PZP1 and the 530-bp sequence was recognized as part of the chromosomal DNA. Further work is needed to explain this result.
In the experiment to determine the minimum number of bacterial cells for a PCR product, a PCR product was obtained from the 2nd PCR using 0.1 cell in the reaction.
This indicates that the copy number of pZP1 is greater than 10 copies per one cell and suggests that the copy number of the PCR target region is important for the sensitive detection of fish infected with bacteria.
PCR amplification by P. piscicida-specific primers was able to detect diseased fish infected with P. piscicida.
The specific P. piscicida primers PZP1-1a and lb could be used widely for detection of etiological agents from diseased fish and water at hatcheries and farms.
